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Specification I 

PLASMA PROCESSING UNIT AND HIGH-FREQUENCY ELECTRIC POWER 

SUPPLYING UNIT 

5 

Field of the Invention 
The present invention relates to a technique for 
conducting a plasma process to a substrate to be processed, 
in particular to a plasma processing unit wherein high- 
10 frequency (radio frequency) electric power in a VHP band is 
used for generating plasma, and a high-frequency electric 
power supplying unit for the plasma processing unit. 

Description of the related art 

15 Conventionally, in manufacturing processes of 

semiconductor devices or FPD (Flat Panel Display) , many 
plasma processing units are used for an etching process, a 
deposition process, an oxidation process, a sputtering 
process, or the like. In a general type of plasma processing 

20 unit, a pair of electrodes is arranged in parallel to each 
other in a processing container or a reaction chamber. A 
process gas is introduced into a space between the pair of 
electrodes, and high-frequency electric power for generating 
plasma is supplied to one of the electrodes via a matching 

25 unit from a high-frequency electric power source* Thus, a 
high-frequency electric field is formed between the 
electrodes, electrons are, accelerated, and the electrons and 
the process gas collide to generate the plasma. Herein, the 
matching unit functions to match load impedance on a load 

30 (in particular, plasma) side with output of the high- 
frequency electric power source or transmission impedance. 
In order to make power loss on the load side as small as 
possible, the matching unit is usually arranged close to the 
processing container. On the other hand, the high-frequency 

35 electric power source is usually installed in a power supply 
roam or on a rack, which is away from a clean room including 
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the processing container, as an auxiliary machine. In 
general, there is a distance of about 5 m to 20 m from the 
high-frequency electric power source to the matching unit. 
They are connected by a high-frequency transmission line 
5 such as a coaxial cable. 

Recently/ high-density plasma under a low pressure is 
required in the plasma process in order to cope with 
miniaturization in design rule in manufacturing process. In 
the above high-frequency discharging type of plasma 
10 processing unit, high-frequency electric power in a VHF band 
(30 MHz to 300 MHz) has recently been used. This frequency 
is higher than conventional one, which is in general 27 MHz 
or lower . 

As described above , in the high-frequency discharging 
15 type of plasma processing unit, regarding the frequency 
(basic frequency or transmission frequency) of the high- 
frequency electric power supplied from the high-frequency 
electric power source, since the impedance is matched with 
the load impedance on the load (plasma) side by the matching 
20 unit, reflected waves from the load side are stopped at the 
matching unit. That is, in principle, it is prevented that 
the reflected waves go back to the high-frequency electric 
power source. 

However, the plasma is non-linear load, and may 
25 generate harmonic waves (harmonics) . The matching unit can't 
achieve sufficient matching for such harmonic waves- Thus, 
the harmonic waves from the load side may be passed through 
the matching unit to the high-frequency electric power 
source. Then, forward and reflected harmonic waves may be 
, 30 together on the transmission line between the high-frequency 
electric power source and the matching unit, so that 
standing waves may be generated. When a standing wave of the 
harmonic wave is generated on the transmission line for the 
high-frequency electric power, that is, when a resonance 
35 state is formed, characteristics of plasma generation and 
plasma distribution in the processing container may change 
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indefinitely. This may lower applicability and/or 

reliability of the process, 

Among the above undesired harmonic waves, second 
harmonic wave and third harmonic wave may have a substantial 
5 effect on the process characteristics- Fig. 5 shews output 
levels of harmonic waves generated in a conventional plasma 
processing unit wherein a high -frequency electric power of 
100 MHz is used for generating plasma, a cable IWR500 (5 m) 
is used as a transmission line between a high-frequency 

10 electric power source and a matching unit, length of the 
cable is changed every 1/16 of a wavelength X corresponding 
to the frequency of 100 MHz (X - 3000 mm) . As seen from the 
graph of Fig. 5, the output levels of second harmonic wave 
and third harmonic wave are high, in particular the output 

15 level of third harmonic wave is extremely increased because 
of resonance. 

SIM4ARY OF THE INVENTION 
This invention is. developed by focusing the 

20 aforementioned problems in order to resolve them effectively. 
An object of the present invention is to provide a plasma 
processing unit and a high-frequency electric power 
supplying unit wherein resonance of a harmonic wave from 
plasma is surely prevented on a transmission line for 

25 transmitting high-frequency electric power in a VHF band, 
thus change in characteristics of plasma distribution is 
prevented and applicability and reliability of process are 
guaranteed. 

The present invention is a plasma processing unit 
30 comprising: a processing container whose inner pressure can 
be reduced; a first electrode arranged in the processing 
container; a process gas. supplying unit that supplies a 
process gas into the processing container; a high-frequency 
electric power source that outputs high-frequency electric 
35 power having a frequency in a VHF band; a matching unit 
electrically connected to the high-frequency electric power 
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source and the first electrode for impedance matching; and a 
transmission line that transmits the high-frequency electric 
power from the high-frequency electric power source to the 
matching unit; wherein a substrate to be processed is 
5 adapted to be arranged in the processing container; the 
high-frequency electric power transmitted to the First 
electrode is adapted to generate plasma in such a manner 
that the substrate to be processed can undergo a plasma 
process by means of the plasma; and the transmission line 

10 has a length shorter than a length wherein a resonance state 
of a third harmonic wave of the high-frequency electric 
power may be generated* 

In addition, the present invention is a high-frequency 
electric power supplying unit that supplies high-frequency 

15 electric power having a frequency in a VHF band to a first 
electrode arranged in a processing: container whose inner 
pressure can be reduced, comprising: a high-frequency 
electric power source that outputs the high-frequency 
electric power; a matching unit electrically connected to 

20 the high-frequency electric power source and the first 
electrode for impedance matching; and a transmission line 
that transmits the high-frequency electric power from the 
high-frequency electric power source to the matching unit; 
wherein the transmission line has a length shorter than a 

25 length wherein a resonance state of a third harmonic wave of 
the high-frequency electric power may be generated. 

If one end of a transmission line for transmitting 
high-frequency electric power (electromagnetic wave) is an 
electrically short-circuited or open end, the high-frequency 

30 electric voltage or current is reflected by the end, so that 
the forward wave and the . reflected wave are mixed on the 
transmission line. Thus, a standing wave may be generated . 
If" both ends of the transmission line are electrically 
short-circuited or open -ends, the standing wave may be 

35 stronger* Furthermore, if ; the length of the transmission 
line satisfies a resonance condition with respect to a 
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predetermined frequency (wavelength) , the electromagnetic 
wave of the predetermined frequency generates a resonance 
state* 

In the present invention, the high-frequency electric 
5 power source is arranged close to the matching unit so that 
the length of the transmission line between them is shorter 
than a shortest length wherein a resonance condition of a 
third harmonic wave of the transmission frequency (high- 
frequency electric power) can be satisfied. Therefore, no 
10 resonance may be generated with respect to both the second 
harmonic wave and the third harmonic wave. Herein, it is 
unnecessary to think of a fourth or higher harmonic wave 
because even if a resonance thereof is generated, output 
level thereof is too low to have a bad effect on plasma 
15 distribution and plasma characteristics. 

in a preferable embodiment of the present invention, 
the length of the transmission line is shorter than X/2, X 
being a wavelength of the third harmonic wave of the high- 
frequency electric power, and with respect to the third 
20 harmonic wave of the high-frequency electric power, an 
output terminal of the high-frequency electric power source 
and an input terminal of the matching unit are electrically 
short-circuited ends, respectively. If both ends of the 
transmission line are electrically short-circuited ends, a 
25 resonance of the third harmonic wave may be generated when S 
= nX/2 (n = 1, 2, 3, .„) is satisfied, S being the length of 
the transmission line* Herein, the shortest length for 
satisfying the resonance condition is S = X/2. Thus, when 
the length of the transmission line is set shorter than X/2, 
30 no resonance can be generated with respect to both the 
second harmonic wave and the third harmonic wave. 

In another preferable embodiment of the present 
invention, the length of the transmission line is shorter 
than 3X/4, * being a wavelength of the third harmonic wave 
35 of the high-frequency electric power, and with respect to 
the third harmonic wave of the high-frequency electric power , 
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an output terminal of the high-frequency electric power 
source is an electrically short-circuited end while an input 
terminal of the matching unit is an electrically open end. 
If one end of the transmission line is an electrically 
5 short-circuited end and the other end is an electrically 
open end, a resonance of the third harmonic wave may be 
generated when S = (2n+lU/4 (n ■ 1, 2, 3, J ii satisfied, 
S being the length of the transmission line. Herein, the 
shortest length for satisfying the resonance condition is S 
10 = 3X/4, Thus, when the length of the transmission line is 
set shorter than 3^/4, no resonance can be generated with 
respect to both the second harmonic wave and the third 
harmonic wave. 

Preferably, the high-frequency electric power source 
15 includes a high-frequency electric power generating part 
that generates the high-frequency electric power when 
direct-current power is supplied thereto, and a filter that 
selectively allows the high-frequency electric power from 
the high-frequency electric power generating part to pass 
20 therethrough, and the filter has an output terminal 
connected to the transmission line as an electrically short- 
circuited end with respect to the harmonic wave of the high- 
frequency electric power. 

In the case, it is preferable that the high-frequency 
25 electric power source further includes a circulator that 
allows a forward wave from the high-frequency electric power 
generating part to pass therethrough and that absorbs a 
reflected wave from the matching unit, between the high- 
frequency electric power generating part and the filter, 
30 Furthermore, in the case, it is preferable that the 

high-frequency electric power generating part is connected 
via a cable to a direct-current power source that converts 
alternating-current power of commercial frequency into the 
direct-current power. In addition, in the case, it is 
35 preferable that the processing container, the matching unit 
and the high-frequency electric power generating part are 
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arranged in a camraon clean room while the direct-current 
power source is arranged in a power supply room away from 
the clean room. 

As described above/ when the high-frequency electric 
5 power source (in particular, the high-frequency electric 
power generating part) is arranged close to the matching 
unit on the side of the processing container in the clean 
room, the length of the high-frequency transmission line 
connecting them is made shorter/ and a long cable is used 

10 between the high-frequency electric power source (in 
particular, the high-frequency electric power generating 
part) and the direct-current power source in the power 
supply room, power loss in the whole RF system can be 
remarkably reduced. 

15 Typically, a second electrode is arranged in the 

processing container in parallel with and opposed to the 
first electrode. 

In the case, in a preferable embodiment, the substrate 
to be processed is adapted to be placed on the first 

20 electrode, and a vent hole is provided in the second 
electrode to jet out the : process gas toward the first 
electrode. Alternatively, the substrate to be processed is 
adapted to be placed on the second electrode, and a vent 
hole is provided in the first electrode to jet out the 

25 process gas toward the second electrode. 

In addition, in order to generate high-density plasma 
under a low-pressure condition, it is preferable that the 
frequency of the high-frequency electric power is not less 
than 70 MHz. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic vertical sectional view showing 
a structure of a plasma „ processing unit in an embodiment 
according to the present invention; 
35 Fig. 2 is a schematic view showing a structure of the 

high-frequency electric power supplying part in the plasma 
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processing unit of Fig. 1; 

Fig. 3 is a view showing a resonance condition on a 
transmission line whose both ends are electrically short- 
circuited ends; 

5 Fig. 4 is a view showing a resonance condition on a 

transmission line whose one end is an electrically short- 
circuited end and whose the other end is an electrically 
open end; and 

Fig. 5 is a graph showing output levels of harmonic 
10 waves generated in a conventional plasma processing unit 
wherein a length of a transmission line between a high- 
frequency electric power source and a matching unit is 
changed in turn by 1/16 of a wavelength corresponding to the 
frequency of 100 MHz. 

IS 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Hereinafter , embodiments of the present invention will 
be described in detail based on the attached drawings . 

Fig. 1 shows a structure of a plasma processing unit 

20 in an embodiment according to the present invention ♦ The 
plasma processing unit is formed as an RTC (Reactive Ion 
Etching) type of plasma etching unit, and has a cylindrical 
chamber (processing container) 10 made of a metal such as 
aluminum or stainless steel. The chamber 10 is installed in 

25 a dean room Ra in which particles of 0.1 pm order are 
controlled not more than 100 per 0.0283 m 3 (1 cubic feet), 
and is protectively grounded. 

A disk-like lower electrode or susceptor 12 is 
provided in the chamber 10 for placing a substrate to be 

30 processed su<ii as a semiconductor wafer W thereon. The 
susceptor 12 is made of for example aluminum, and supported 
by a tubular supporting part 16 that extends upwardly from a 
bottom of the chamber 10, via a tubular holding part 14 
having insulation properties. A focus ring 18 made of for 

35 exan^le quartz is arranged on an upper surface of the 
tubular holding part 14 so as to surround an upper surface 
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of the su seep tor 12, 

An exhaust way 20 is formed between a lateral wall of 
the chamber 10 and the tubular supporting part 16. An 
annular baffle plate 22 is mounted at an inlet part or on 
5 the way of the exhaust way 20. An exhaust pert 24 is 
provided at a bottom of the exhaust way 20. The exhaust port 
24 is connected to an exhaust system 28 via an exhaust pipe 
26. The exhaust system 28 is installed in a downstairs power 
supply room Rb away from the clean room Ra. When a vacuum 
10 pump of the exhaust system 28 is driven, a processing space 
in the chamber 10 is vacuumed to a predetermined vacuum 
level . A gate valve 30 is mounted at the lateral wall of the 
chamber 10 in order to open and close a transfer port for 
the semiconductor wafer W. Annular or concentric magnets 31 
15 are arranged around the chamber 10. 

A high-frequency electric power supplying part 32, 
which supplies high-frequency electric power for generating 
plasma and high-frequency electric power for RIE to the 
susceptor 12 through a back surface thereof via a power 
supply rod 34, is provided- in the tubular supporting part 16. 
Direct-current power for generating the plasma is supplied 
from a direct-current power source 36, which is installed in 
the downstairs room (power supply room Rb) , to the high- 
frequency electric power supplying part 32 via a cable 38 . 
In addition, high-frequency electric power for RIE is 
supplied from a high-frequency electric power source 40, 
which is also installed in the downstairs room (power supply 
room Rb), to the high-frequency electric power supplying 
part 32 via a cable 41. The direct-current power source 36 
30 is adapted to convert alternating-current power of 
commercial frequency put in from a commercial alternating- 
current power source 42 thereinto, into the direct-current 
power, to amplify it and to output it. Detailed structure 
and operation of the high-frequency electric power supplying 
35 part 32 is described below. 

An electrostatic chuck 44 is provided on an upper 



20 



25 
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surface of the susceptor 12 for holding the semiconductor 
wafer W by means of an electrostatic absorption force. The 
electrostatic chuck 44 is formed by a pair of insulation 
films 44b, 44 c, and an electrode 44 a consisting of a 
5 conductive film sandwiched between the pair of insulation 
films 44b, 44c. The electrode 44a is electrically connected 
to a direct-current power source 46, which is also installed 
in the downstairs room (power supply room Fb) , via a cable 
or a conductive rod or the like. The semiconductor wafer w 

10 is absorbed and held by the chuck 44 because of a Coulomb 
attraction caused by a direct-current voltage from the 
direct-current power source 46, 

A refrigerant-room 48 that cylindrically extends is 
provided in the susceptor 12* A refrigerant of a 

15 predetermined temperature, for example cooling water, is 
supplied in circulation from a chiller unit 50 in the 
downstairs room (power supply room Rb) to the refrigerant- 
room 46 via pipes 52, 54; A process temperature of the 
semi conductor wafer W on the electrostatic chuck 44 can be 

20 controlled by the ten$>erature of the refrigerant. In 
addition, A heat transfer gas, for example He gas, from a 
heat-transfer-gas supplying part 56 in the downstairs room 
(power supply room Fb) is supplied to a gap between an tipper 
surface of the electrostatic chuck 44 and a reverse surface 

25 of the semiconductor wafer W via a gas supplying line 58. 

A showerhead 60 is provided at a ceiling part of the 
chamber 10, oppositely to the susceptor 12 , as an upper 
electrode being grounded. The showerhead 60 has; a lower 
electrode plate 62 having a large number of vent holes or 

30 gas- jetting holes 62a, and a electrode supporting member 64 
that detachably supports the electrode plate 62 . A buffer 
room 66 is provided in the electrode supporting member 64. A 
gas introducing port 66a of the buffer room 66 is connected 
to a gas supplying pipe 70 from a process-gas supplying part 

35 68. 

In the power supply room Rb, a controlling part (not 
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shown) for controlling operations of the respective 
components (the exhaust system 28, the high-frequency 
electric power supplying unit 32, the chiller unit 50 , the- 
heat-transfer-gas supplying part 56 , the process-gas 
5 supplying part, and so on) of the plasma etching unit may be 
also provided. 

In order to conduct an etching process by using the 
above plasma etching unit, the gate valve 30 is opened, a 
semiconductor wafer W to be processed is conveyed into the 

10 chamber 10, and placed on the electrostatic chuck 44. Then, 
an etching gas (in general a mixed gas) is introduced from 
the process-gas supplying part 68 into the chamber 10 at a 
predetermined flow rate (a predetermined amount of flow and 
a predetermined rate of components) , and the pressure in the 

15 chamber 10 is adjusted to a set value by means of the 
exhaust system 28. In addition, high-frequency electric 
power of 100 MHz of a predetermined power for generating the 
plasma and high-frequency electric power of 3.2 MHz, for 
exairple, of a predetermined power for RIE are supplied from 

20 the high-frequency electric power supplying unit 32 to the 
susceptor 12. In addition, direct-current electric voltage 
is applied from the direct^current power source 46 to the 
electrode 44a of the electrostatic chuck 44, so that the 
semiconductor wafer W is fixed onto the electrostatic chuck 

25 44. The etching gas jetted from the showerhead 60 is made 
plasma by means of high-frequency electric discharge between 
the electrodes 12 and 60. Radicals and ions generated in the 
plasma etch the main surface of the semiconductor wafer 

In the above plasma etching unit, the high-frequency 

30 electric power in a VHF band (preferably not lower than 70 
MHz) is applied to the susceptor (lower electrode) 12. The 
frequency is higher than conventional frequency (in general 
not higher than 27 MHz) . Thus , the plasma density may be 
enhanced with a preferable dissociate state, so that high- 

35 density plasma may be generated even under a lower pressure 
condition- 
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10 



While the plasma is generated in the chamber 10 , 
harmonic waves generated by the plasma are transferred to 
the high-frequency electric power supplying unit 32. Thus, a 
standing wave may be generated on a transmission line in the 
high-frequency electric power supplying unit 32. However, as 
described below, this embodiment has a structure to surely 
prevent generation of the standing wave (resonance state) of 
second harmonic wave or third harmonic wave which may have 
an effect on the process. Thus, this embcdiinent can achieve 
a plasma etching process with high duplicability and high 
reliability. 

Next, a structure and an operation of the high- 
frequency electric power supplying part 32 of the above 
plasma etching unit are explained. 

15 As shown in Fig. 2, the high-frequency electric power 

supplying part 32 has four housings or boxes 72, 74, 76, 78 
that are vertically stacked. A matching unit 80 for 
generating the plasma is contained in the uppermost box 72. 
A matching controller 82 is contained in the second 

20 uppermost box 74. A matching box 84 for RIE (details are 
omitted) is contained in the third uppermost box 76. A high- 
frequency electric power source 86 for generating the plasma 
is contained in the lowermost box 78. An output terminal of 
the high-frequency electric power source 86 is connected to 

25 an input terminal of the matching unit 90 for generating the 
plasma, via a high-frequency transmission line such as a 

coaxial tube 88. 

In the uppermost box 72, the matching box 80 for 
generating the plasma forms a matching circuit network for 

30 matching load (in particular, plasma) impedance with output 
of the high-frequency electric power source 86 or 
transmission impedance. Herein, the matching unit 80 hast an 
input part 90 connected to the coaxial tube BB; a resonance 
rod 92 electrically connected to the input part 90 by for 

35 exampl an inductive coupling; and a variable capacitor 94 
connected between the resonance rod 92 and the power supply 
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rod 34 , 

The input part 90 includes, for example, a variable 
capacitor (not shown) , and a link coil (not shown) for an 
inductive coupling to the resonance rod 92. In the 
5 embodiment, one terminal of the variable capacitor in the 
input part 90 is connected to a ground potential, so that 
the input terminal of the input part 90 connected to one end 
of the coaxial tube 88 may be considered as an electrically 
short-circuited end* 

10 In the second top box 74, the matching controller 82 

has actuators 96, 98 respectively including motors, and a 
controller 100 for controlling the actuators 96, 98. The 
motors of the actuators 96, 98 respectively serve for 
adjusting respective capacitance values of the variable 

15 capacitor of the input part 90 and the variable capacitor 94 
on the output side, in order to control imaginary part of 
impedance or reactance. 

In the third box 76, the matching unit 84 for RIE 
forms a matching circuit for matching load (in particular, 

20 plasma) impedance with output of the high-frequency electric 
power source 40 (Fig. 1) or transmission impedance ► An 
output terminal of the matching unit 84 is connected to the 
power supply rod 34, via a high-frequency transmission line 
such as a coaxial tube 102. A filter 104 for cutting off or 

25 removing frequency components without the transmission 
frequency (3.2 MHz) is provided on the way of the 
transmission line 102. 

in the top box 78, the high-frequency electric power 
source 86 has an RF oscillator 106, an RF amplifier 108, a 

30 circulator 110 and a filter 112. The RF oscillator 106 
generates a high-frequency signal defining a frequency (100 
MHz) of the high-frequency electric power for generating the 
plasma. The RF amplifier 108 has a switching device 
consisting of for example FET, and generates high-frequency 

35 electric power of 100 MHz by anqplification operation of the 
high-frequency signal from the RF oscillator 106 when 
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direct-current power is applied from the direct-current 
power source 36 (Fig. 1) via the direct-current transmission 
cable 38 of for example 5 m to 20 m. The circulator 110 
functions as an isolating circuit, that is, allows the high- 
5 frequency electric power (forward wave) from the RF 
amplifier 108 to pass therethrough with no substantial 
attenuation, but causes reflected waves from the matching 
unit 80 to flow in a dummy load resistance 114 to absorb 
them. The filter 112 selectively allows the high-frequency 
10 electric power from the circulator 110 to pass therethrough 
but shuts off or removes frequency components above the 
transmission frequency (100 MHz) . 

The coaxial tube 88 vertically extends through the 
second and third boxes 74, 76, between the output terminal 
15 of the filter 112 of the high-frequency electric power 
source 86 and the input terminal of the input part 90 of the 
matching unit 80. For example, partial lengths of the 
coaxial tube 88 may be Si = 150 mm, S 2 = 150 mm and S 3 - 100 
mm, S a being a partial length corresponding to the box 74, S 2 
20 being a partial length corresponding to the box 76 and S 3 
being a partial length corresponding to the box 78. Then, 
the total length S of the coaxial tube 88 may be 400 mm. 

In the high-frequency electric power supplying part 32, 
in order to generate the plasma between the showerhead 
25 (upper electrode) 60 in the chamber 10 and the susceptor 
(lower electrode) 12, the direct-current power transmitted 
from the direct-current power source 36 (Fig. 1) in the 
power supply room Rb via the cable 38 is converted to high- 
frequency electric power of a desired frequency (for example 
30 100 MHz) in a VHF band by the high-frequency electric power 
source 86, then the high-frequency electric power produced 
from the high-frequency electric power source 86 is put in 
to the matching unit 80 via the coaxial tube 88, and the 
high-frequency electric power is supplied from the matching 
35 unit 80 to the susceptor 12 via the power supply rod 34. The 
matching unit 80 adjusts impedance of itself, in particular 
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imaginary part or reactance component, under a control by 
the matching controller 82, and serves to match the load (in 
particular, plasma) impedance with the output of the high- 
frequency electric power source 86 or the transmission 
5 inpedance with respect to the transmission frequency (100 
MHz), that is, to form a serial resonance circuit. Because 
of such matching function of the matching unit 80, the high- 
frequency electric power (100 MHz) for generating the plasma 
can be supplied to the plasma in the chamber 10 with maximum 

10 or intrinsic power of the high-frequency electric power 
source 86, while the reflected waves from the plasma are 
stopped by the matching unit 80 so that they may not be 
transmitted to the high-frequency electric power source 86. 

In addition, in the high-frequency electric power 

15 supplying part 32, since the high-frequency electric power 
source 86 is arranged close to the matching unit 80, and the 
length S of the coaxial tube 88 between the output terminal 
of the high-frequency electric power source 86 and the input 
terminal of the matching unit 80 is 400 mm (more precisely, 

20 the length S is shorter than X/2 (500 mm), X being a 
wavelength (1000 mm) of the third harmonic wave (300 MHz) of 
the transmission frequency (100 MHz) ) , generation of 
resonance state of the second or third harmonic wave can be 
surely prevented on the coaxial . tube 88 , 

25 In detail, the matching function of the matching unit 

80 is not effective for the harmonic waves generated from 
the plasma in the chamber 10. Thus, the harmonic waves pass 
through the matching unit 80 and go in the coaxial tube 88* 
The harmonic waves transmitted toward the high-frequency 

30 electric power source 86 on the coaxial tube 88 are 
reflected at one end of the coaxial tube 88, that is, at the 
output terminal of the filter 112 being a substantially 
electrically short-circuited end. Then, the harmonic waves 
reflected at the output terminal of the filter 112 are 

35 reflected at the other end of the coaxial tube 88, that is, 
at the input terminal pf the input part 90 being a 
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substantially electrically short-circuited end. Thus, the 
forward waves and the reflected waves of the harmonic waves 
exist together on the coaxial tube 89, which may generate a 
standing rave* Herein , among the harmonic waves, the second 
5 harmonic wave (200 MHz) and the third harmonic waves (300 
MHz) may have a substantial bad effect on the process in the 
chamber 10, A fourth (400 MHz:) or higher harmonic wave 
doesn't have a substantially bad effect even if a resonance 
thereof is generated. 

10 Then, as shown in Fig. 3, a condition wherein a 

resonance of electromagnetic wave is generated when both 
ends of the transmission line are electrically short- 
circuited ends is that the length S of the transmission line 
is equal to a multiple of \/2, that is, nX/2 (n = 1, 2, 3, 

15 ...) , K being a wavelength of the electromagnetic wave. Thus, 
electromagnetic wave of 300 MHz having a wavelength of 1000 
mm generates a resonance state when the above resonance 
condition is satisfied on a transmission line whose length 
is not less than 500 mm. In addition, electromagnetic wave 

20 of 200 MHz having a wavelength of 1500 mm generates a 
resonance state when the above resonance condition is 
satisfied on a transmission line whose length is not less 
than 750 mm. 

Herein, in the high-frequency electric power supplying 
25 part 32 of the above embodiment, the length S of the coaxial 
tube 8B connecting the output terminal of the high-frequency 
electric power source 86 and the input terminal of the 
matching unit 80 is set to 400 mm (less than 500 mm) . Thus, 
with respect to both the second harmonic wave (200 MHz) and 
30 the third harmonic wave (300 MHz) , the above resonance 
condition can not be satisfied on the coaxial tube 88 „ That 
is, no resonance may be generated with respect to both the 
second harmonic wave and the third harmonic wave. 

As described above, in the high-frequency electric 
35 power supplying part 32 of the above embodiment, the high- 
frequency electric power source B6 is arranged close to the 
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matching unit 80 so that the length S of the high-frequency 
transmission line i.e. the coaxial tube 88 between them is 
shorter than the shortest length (500 mm) wherein a 
resonance state of a third harmonic wave (300 MHz) can be 
5 generated. Therefore, resonance of the second or third 
harmonic wave, which may have a bad effect on plasma 
distribution characteristics or the process in the chamber 
10, may be surely prevented. 

In addition, in the embodiment, the direct-current 

10 power source 36 is arranged in the power supply room Rb, and 
the high-frequency electric power source 86 is contained 
together with the matching unit 80 in the high-frequency 
electric power supplying part 32 close to the chamber 10 in 
the clean roam Fa. The cable 38 is used for the direct- 

15 current transmission of the long distance (about 5 m to 20 
m) from the direct-current power source 36 to the high- 
frequency electric power source 86, The coaxial tube 88 is 
used for the high-frequency transmission of the short 
distance (less than 500 mm) from the high-frequency electric 

20 power source 86 to the matching unit 80. 

In both the direct-current transmission and the high- 
frequency transmission, if the length of the transmission 
line is longer, power loss is more. However, the power loss 
per unit length of the high-frequency transmission is 

25 several times as much as that of the direct-current 
transmission. 

In order to transmit the electric power for generating 
the plasma from the power supply room Rb to the matchi ng 
unit 80 installed close to the chamber 10 in the clean room 

30 Ra, according to the conventional manner, high-frequency 
electric power of a desired frequency (100 MHz) is generated 
in the power supply unit Rb, and then the high-frequency 
electric power is transmitted to the matching unit 90 via a 
high-frequency transmission line of a long distance (in 

35 general 5 m to 20 m) . On the other hand, according to the 
embodiment, the direct-current power generated by the 
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direct-current power source 36 in the power supply roan Rb 
is transmitted to the high-frequency electric power source 
86 close to the chamber 10 via the direct-current 
transmission line 38 of a long distance (about 5 m to 20 m) , 
5 and high-frequency electric power of a desired frequency 
(100 MHz) generated by the high-frequency electric power 
source 86 is transmitted to the matching unit 80 via the 
high-frequency transmission line 88 of a short distance 
(less than 500 inn) . Therefore , in the embodiment/ the power 

10 loss in the total RF system can be remarkably reduced, 

A flexible power cable for direct-current or a low 
frequency may be used as the direct-current transmission 
line 38 from the power supply roam Rb to the high-frequency 
electric power source 86 in the clean room Ra, In the case, 

IS the cable may be easily handled and arranged, so that the 
layout of the RF system may be advantageously designed. 

In the above embodiment , in the high-frequency 
electric power supplying part 32, the input terminal of the 
matching unit 80 is formed as a substantially electrically 

20 short-circuited end. However, it may be formed as a 
substantially open end. In the latter case, if the length S 
of the coaxial tube 88 connecting the output terminal of the 
high-frequency electric power source 86 and the input 
terminal of the matching unit 80 is set shorter than 3\/4 

25 (750 mm) , X being the wavelength (1000 mm) of the third 
harmonic wave (300 MHz) , generation of resonance state of 
the second and third harmonic wave can be surely prevented. 

That is, as shown in Fig. 4, a condition wherein a 
resonance of electromagnetic wave is generated when one end 

30 of the transmission line is an electrically short-circuited 
end and the other end is an open end is that the length S of 
the transmission line is equal to (2n+l)A./4 (n = 1, 2, 3, „,) , 
X being a wavelength of the electromagnetic wave. Thus, 
electromagnetic wave of 300 MHz having a wavelength of 1000 

35 mm generates a resonance state when the above resonance 
condition is satisfied on ■ a transmission line whose length 
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is not less than 750 mm. In addition, electromagnetic wave 
of 200 MHz having a wavelength of 1500 mm generates a 
resonance state when the above resonance condition is 
satisfied on a transmission line whose length is not lees 
5 than 1125 nsa. Thus, if the length S of the coaxial tube 88 
is shorter than 750 mm, the above resonance condition can 
not be satisfied with respect to the second harmonic wave 
(200 MHz) and the third harmonic wave (300 MHz) . That is, no 
resonance may be generated with respect to both the second 

10 harmonic wave and the third harmonic wave* 

The electrically short-circuited or open end of the 
high-frequency transmission line on the side of the high- 
frequency electric power source 86 and/or the matching unit 
80 may be not exactly the end of the coaxial tube 88, The 

15 electrically short-circuited or open end may be formed on 
the transmission line in the high-frequency electric power 
source 86 and/or the matching unit 80* In the latter case, 
the above length S of the high-frequency transmission line 
may also include the length of the high-frequency 

20 transmission line from the end of the coaxial tube 88 to the 
electrically short-circuited or open end in any transmitting 
circuit. 

In addition, in applications not including reactive 
ion etching (RIE), the high-frequency electric power 

25 supplying part for RIE (40, B4, 104) may be omitted. In the 
case, in the high-frequency electric power supplying part 32, 
the box 76 may be omitted. Then, the high-frequency electric 
power source 86 may be arranged closer to the matching unit 
80, so that the length of the high-frequency transmission 

30 line (coaxial tube) 88 may be further shortened. 

In the plasma etching unit of the above embodiment , 
the high-frequency electric power for generating the plasma 
is applied to the susceptor 12. However, as shown by a 
dotted line in Fig* 1, this invention is also applicable to 

35 another type of plasma etching unit wherein high-frequency 
electric power for generating, plasma is applied to the upper 
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electrode 60. In addition, this invention is also applicable 
to other types of plasma processing unit for, for example, a 
plasma CVD, a plasma oxidation, a plasma nitridation, a 
sputtering, or the like. 
5 In addi tion/ in the above embodiment , the 

semiconductor wafer is taken as an example of the substrate 
to be processed. However, this invention is not limited 
thereto, but applicable to various substrates for a flat 
display panel, photomasks, CD substrates, printed substrates, 
10 and the like. 



